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A Radar sensitivity consideration and optimization

A Description of the radar architecture

A Experimental measurement results

A Conclusions
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A CloudCube is developed under NASA ESTO Instrument Incubator Program (IIP)

A Develop a compact, lowost multifrequency (kaW-, and Gband)
millimeter-wave radar system for ESElasssmallsatoperations using a
flexible modular architecture that can be configured as different B
combinations of radar bands. _
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A Obtain simultaneous cloud and precipitation vertical profiles at glsbale 4ﬁ j(.f"ﬂ\,’ift_ F-
A Observe internal storm processes and dynamics from space for the first time. _ ‘lggnee e

A Improve understanding on cloud dynamical and microphysical processes and
their roles in clouetlimate feedback and severe weather.
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The design of the electronicsis constrainedto mature solidstate components
integrated in a compact architecture compatible with SmallSataccommodations
Suchdemandingpower consumptionand massrequirementssettight constrainson
the radardesignto meetthe sciencerequirements

Radar Parameters

Comparison with heritage clougfecipradars

Description Ka W G RainCube CloudSat CloudCube
Frequency [GHZ] 35.75194.05| 238.00 Frequency [GHZ] 35.75 94.05 35.75/94.04/238
Altitude [km | 400 [ 400 [ 400 Mass [kg] 5.5 230 13 (CBE)
[Transmit Power [W] 10.0 [ 100 | 0.5 -

[Antenna Gain [dBi] 543 [ 62.7] 704 Power Consuption [W] | 22 27 60 (CBE)
Chirp Bandwidth [MHZ] 1 0.45 0.45 Vertical resolution [Il'l] 250 500 240/500/500
Pulse length [us] 60 [ 200 [ 200 MDZ [dBZ] 11 -30 5/-26/-22
Receiver Noise Figure [dB] [ 5 6 8

Pulse Repetition Time [us] | 210 | 1600 | 1600

Integration Time [ms] 67 | 200 [ 200

Cross-track beams [#] 5 1 1

Horizontal Resolution|m] [ 2600|1000 400

Range resolution [m] 240 | 500 | 500

[Noise equiv. Z [dBZ] 14 | -15 -12

Min. Detectable Z [dBZ] 5 | -26 -22
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A RainCube(Radarin a CubeSat)is a technology demonstration
missionto enable Kaband precipitation radar technologieson a
low-cost,quickturnaround platform.

A Sponsoredby b ! { !E@rth Science TechnologyOffice (ESTO)
throughthe INVESAL5 program,RainCubealevelopeda 35.75 GHz
radar payloadto operatewithin the 6U CubeSaform factor.

Value Flight System

Instrument Ka-Band Radar Spacecraft mass 12 kg

Frequency 35.75 GHz Spacecraft volume 6U £ ",21% ' ) 5 0
Antenna 0.5m deployable Payload Power  Up to 35W RN AU SRS ST
Footprint <10 km Payload Data S0 kbps 8 : l viks 5 Ij
Vert. resolution <250 m Payload duty cycle  25% transmit Loy e ‘ ;
Sensitivity 20 dBZ Payload operation 1 full orbit R UE O | S e |




How do we achiever small size/low power?
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Traditional offset video up/down conversion
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Novel offset IQ up/down conversion
24MHz Ka-band 1Q mixer
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Upconversion
Intermod Intermod
products products

94.02 94.03 94.04 94.05 94.06 94.07 94.08
GHz

A The Ka band oscillator is a free running oscillator, but since
the same one is used for up and down conversion, then the
only important parameters are low phase noise and drift by
no more than a fewiHz.

A The ADC sampling rate is 24MHz, ensuring that the
intermod products are not aliased into the signal band.

A The filter in front of the ADCs suppresses mtgrmods
above 12MHz by over 60dB.



